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Description
BACKGROUND

[0001] This disclosure relates to electromagnetic com-
munication, and more particularly to coatings that facili-
tate electromagnetic communication.

[0002] A gas turbine engine typically includes a fan
section, a compressor section, a combustor section and
a turbine section. Air entering the compressor section is
compressed and delivered into the combustor section
where itis mixed with fuel and ignited to generate a high-
speed exhaust gas flow. The high-speed exhaust gas
flow expands through the turbine section to drive the com-
pressor and the fan section. The compressor section typ-
ically includes low and high pressure compressors, and
the turbine section includes low and high pressure tur-
bines.

[0003] Detailed knowledge of gas turbine engine and
other machinery operation for control or health monitor-
ing requires sensing systems that need information from
locations that are sometimes difficult to access due to
moving parts, internal operating environment or machine
configuration. The access limitations make wire routing
bulky, expensive and vulnerable to interconnect failures.
The sensor and interconnect operating environments for
desired sensor locations often exceed the capability of
the interconnect systems. In some cases, cable cost, vol-
ume and weight exceed the desired limits for practical
applications.

[0004] Application of electromagnetic communication
or sensor technologies to address the wiring constraints
faces the challenge of providing reliable communications
in a potentially unknown environment with potential in-
terference from internal or external sources.

BRIEF DESCRIPTION

[0005] In an embodiment, a system of a machine in-
cludes a network of a plurality of sensing / control / iden-
tification devices distributed throughout the machine.
Each of the sensing / control / identification devices is
associated with at least one sub-system component of
the machine and operable to communicate through a plu-
rality of electromagnetic signals. Shielding surrounds at
least one of the sensing / control / identification devices
to contain the electromagnetic signals proximate to the
at least one sub-system component. A communication
path is integrally formed in a component of the machine
to route a portion of the electromagnetic signals through
the component. The communication path comprises a
material transparent to the electromagnetic signals. The
system also includes a remote processing unit operable
to communicate with the network of the sensing / control
/ identification devices through the electromagnetic sig-
nals.

[0006] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
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embodiments, the material transparent to the electro-
magnetic signals may be transparent to signals having
a frequency of 1 to 100 GHz.

[0007] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the material transparent to the electro-
magnetic signals may be a metal ceramic composite in-
cluding adielectric. Exemplary dielectrics include alumin-
ium oxide, silicon nitride, silicon carbide, silicon oxide,
ferrites, titanium oxide, and combinations comprising at
least one of the foregoing.

[0008] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the metal ceramic composite can have a
dielectric content in an amount of 1% to 70% by volume
and the metal ceramic composite can be formed by cold
spray, laser engineered net shaping, direct material laser
sintering, wire arc deposition, plasma spray, ball milling,
or a combination of the foregoing.

[0009] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the metal ceramic composite can include
INI718, stainless steel, aluminium and its alloys, nickel
based alloys, copper and its alloys, and titanium and its
alloys.

[0010] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the material transparent to the electro-
magnetic signals may be a dielectric. Exemplary dielec-
trics include ferrites, aluminium oxide, silicon nitride, sil-
icon carbide, silicon oxide, titanium oxide, aluminium ni-
tride, boron nitride, and combinations comprising at least
one of the foregoing.

[0011] According to an embodiment, a system for a
gas turbine engine includes a network of a plurality of
sensing / control / identification devices distributed
throughout the gas turbine engine, each of the sensing
/ control / identification devices associated with at least
one sub-system component of the gas turbine engine
and operable to communicate through a plurality of elec-
tromagnetic signals. Shielding surrounds at least one of
the sensing / control / identification devices to contain
the electromagnetic signals proximate to the at least one
sub-system component. A communication path is inte-
grally formed in a component of the machine to route a
portion of the electromagnetic signals through the com-
ponent, wherein the communication path comprises a
material transparent to the electromagnetic signals. The
system also includes a remote processing unit operable
to communicate with the network of the sensing / control
/ identification devices through the electromagnetic sig-
nals.

[0012] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the material transparent to the electro-
magnetic signals may be transparent to signals having
a frequency of 1 to 100 GHz.

[0013] In addition to one or more of the features de-
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scribed above, or as an alternative to any of the foregoing
embodiments, the material transparent to the electro-
magnetic signals may be a metal ceramic composite in-
cluding a dielectric. Exemplary dielectrics include alumin-
ium oxide, silicon nitride, silicon carbide, silicon oxide,
ferrites, titanium oxide, and combinations comprising at
least one of the foregoing.

[0014] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the metal ceramic composite can have a
dielectric content in an amount of 1% to 70% by volume
and the metal ceramic composite can be formed by cold
spray, laser engineered net shaping, direct material laser
sintering, wire arc deposition, plasma spray, ball milling,
or a combination of the foregoing.

[0015] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the metal ceramic composite can include
INI718, stainless steel, aluminium and its alloys, nickel
based alloys, copper and its alloys, and titanium and its
alloys.

[0016] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the material transparent to the electro-
magnetic signals may be a dielectric. Exemplary dielec-
trics include ferrites, aluminium oxide, silicon nitride, sil-
icon carbide, silicon oxide, titanium oxide, aluminium ni-
tride, boron nitride, and combinations comprising at least
one of the foregoing.

[0017] According to an embodiment, a method of elec-
tromagnetic communication through a machine includes
transmitting a communication signal between a remote
processing unit and a network of a plurality of control /
sensing / identification devices in the machine using a
plurality of electromagnetic signals. The plurality of elec-
tromagnetic signals travel through a communication path
and the communication path comprises a material trans-
parent to the electromagnetic signals.

[0018] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, in further embodiments that material
transparent to the electromagnetic signals may be trans-
parent to signals having a frequency of 1 to 100 GHz.
[0019] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the material transparent to the electro-
magnetic signals may be a dielectric or a metal ceramic
composite comprising a dielectric. When the material
transparent to the electromagnetic signals is a metal ce-
ramic composite comprising a dielectric it can be formed
by cold spray, laser engineered net shaping, direct ma-
terial laser sintering, wire arc deposition, plasma spray,
ball milling, or a combination of the foregoing.

[0020] Atechnical effectofthe apparatus, systems and
methods is achieved by a material transparent to elec-
tromagnetic signals as described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The subject matter which is regarded as the
presentdisclosure is particularly pointed out and distinct-
ly claimed in the claims at the conclusion of the specifi-
cation. The foregoing and other features and advantages
of the present disclosure are apparent from the following
detailed description taken in conjunction with the accom-
panying drawings in which:

FIG. 1 is a cross-sectional view of a gas turbine en-
gine;

FIG. 2 is a schematic view of an example control and
health monitoring system including a shielded elec-
tromagnetic network in accordance with an embod-
iment of the disclosure;

FIG. 3 is a schematic view of a communication path
through a component in accordance with an embod-
iment of the disclosure;

FIG. 4 is a schematic view of a waveguide in accord-
ance with an embodiment of the disclosure; and
FIG. 5 is a schematic view of another waveguide in
accordance with an embodiment of the disclosure.

DETAILED DESCRIPTION

[0022] Various embodiments of the presentdisclosure
are related to electromagnetic communication in a ma-
chine. FIG. 1 schematically illustrates a gas turbine en-
gine 20 as one example of a machine as further described
herein. The gas turbine engine 20 is depicted as a two-
spool turbofan that generally incorporates a fan section
22, acompressor section 24, a combustor section 26 and
a turbine section 28. Alternative engines may include an
augmentor section (not shown) among other systems or
features. The fan section 22 drives air along a bypass
flow path B in a bypass duct to provide a majority of the
thrust, while the compressor section 24 drives air along
a core flow path C for compression and communication
into the combustor section 26 then expansion through
the turbine section 28. Although depicted as a two-spool
turbofan gas turbine engine in the disclosed non-limiting
embodiment, it should be understood that the concepts
described herein are not limited to use with two-spool
turbofans as the teachings may be applied to other types
of turbine engines including three-spool architectures or
any other machine that requires sensors to operate with
similar environmental challenges or constraints. Addi-
tionally, the concepts described herein may be applied
to any machine or system comprised of control and / or
health monitoring systems.

[0023] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
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systems 38 may be varied as appropriate to the applica-
tion.

[0024] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 48 to drive the fan 42 at a lower speed than the low
speed spool 30. The high speed spool 32 includes an
outer shaft 50 that interconnects a second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine engine 20 between the high pressure compressor
52 and the high pressure turbine 54. A mid-turbine frame
58 of the engine static structure 36 is arranged generally
between the high pressure turbine 54 and the low pres-
sure turbine 46. The mid-turbine frame 58 further sup-
ports bearing systems 38 in the turbine section 28. The
inner shaft 40 and the outer shaft 50 are concentric and
rotate via bearing systems 38 about the engine central
longitudinal axis Awhichis collinear with their longitudinal
axes.

[0025] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 58 includes air-
foils 60 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive gear system 48 may
be varied. For example, gear system 48 may be located
aft of combustor section 26 or even aft of turbine section
28, and fan section 22 may be positioned forward or aft
of the location of gear system 48.

[0026] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six (6), with an ex-
ample embodiment being greater than about ten (10),
the geared architecture 48 is an epicyclic gear train, such
as a planetary gear system or other gear system, with a
gear reduction ratio of greater than about 2.3 and the low
pressure turbine 46 has a pressure ratio that is greater
than aboutfive. In one disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pres-
sure compressor 44, and the low pressure turbine 46 has
a pressure ratio that is greater than about five 5:1. Low
pressure turbine 46 pressure ratio is pressure measured
prior to inlet of low pressure turbine 46 as related to the
pressure at the outlet of the low pressure turbine 46 prior
to an exhaust nozzle. The geared architecture 48 may
be an epicyclic gear train, such as a planetary gear sys-
tem or other gear system, with a gear reduction ratio of
greater than about 2.3:1. It should be understood, how-
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ever, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and
that the present invention is applicable to other gas tur-
bine engines including direct drive turbofans.

[0027] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (about 10,700 metres). The flight condition
of 0.8 Mach and 35,000 ft (10,700 m), with the engine at
its best fuel consumption - also known as "bucket cruise
Thrust Specific Fuel Consumption (TSFC’)" - is the in-
dustry standard parameter of Ibm of fuel being burned
divided by Ibf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
acrossthe fanblade alone, withouta Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]%-5. The
"Low corrected fan tip speed" as disclosed herein ac-
cording to one non-limiting embodiment is less than
about 1150 ft/second (350 m/second).

[0028] The example gas turbine engine includes the
fan 42 that comprises in one non-limiting embodiment
less than about twenty-six (26) fan blades. In another
non-limiting embodiment, the fan section 22 includes less
than about twenty (20) fan blades. Moreover, in one dis-
closed embodiment the low pressure turbine 46 includes
no more than about six (6) turbine rotors schematically
indicated at 34. In another non-limiting example embod-
iment the low pressure turbine 46 includes about three
(3) turbine rotors. A ratio between the number of fan
blades 42 and the number of low pressure turbine rotors
is between about 3.3 and about 8.6. The example low
pressure turbine 46 provides the driving power to rotate
the fan section 22 and therefore the relationship between
the number of turbine rotors 34 in the low pressure turbine
46 and the number of blades 42 in the fan section 22
disclose an example gas turbine engine 20 with in-
creased power transfer efficiency.

[0029] The disclosed example gas turbine engine 20
includes a control and health monitoring system 64 (gen-
erally referred to as system 64) utilized to monitor com-
ponent performance and function. In this example, a
sensing / control / identification device (SCID) 68A is lo-
cated within a sub-system component (SSC) 70. The
SCID 68A communicates with electromagnetic energy
to a remote processing unit (RPU) 66 through a path
comprised of a transmission path 78 and a path 62 within
a SSC 70 as best seen in FIG. 2. The path may also be
extended along one or more shielded paths 72 to remote
SCIDs 68B in separate SSCs 74 (FIG. 2). This entire
path (e.g., transmission path 78, path 62, and shielded
paths 72) comprises a shielded electromagnetic network
(SEN) 65. The RPU 66 may transmit signals to a network
71 of the SCID 68A, 68B (FIG. 2) and/or receive infor-
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mation indicative of current operation of the component
being monitored. The transmission media for any portion
of the SEN 65 may include solid, liquid or gaseous ma-
terial. In this example, a pressure internal to the SSC 70
is monitored and that information transmitted through the
path 62 of the SEN 65 to the RPU 66 for use in controlling
engine operation or monitoring component health. How-
ever, it should be understood that it is within the contem-
plation of this disclosure that the disclosed system 64
may be utilized to control and/or monitor any component
function or characteristic of a turbomachine or aircraft
component operation and/or other machines.

[0030] Prior control & diagnostic system architectures
utilized in various applications include centralized system
architecture in which the processing functions reside in
an electronic control module. Redundancy to accommo-
date failures and continue system operation systems are
provided with dual channels with functionality replicated
in both control channels. Actuator and sensor communi-
cation is accomplished through analogue wiring for pow-
er, command, position feedback, sensor excitation and
sensor signals. Cables and connections include shield-
ing to minimize effects caused by electromagnetic inter-
ference (EMI). The use of analogue wiring and the re-
quired connections limits application and capability of
such systems due to the ability to locate wires, connec-
tors and electronics in small and harsh environments that
experience extremes in temperature, pressure, and/or
vibration.

[0031] ReferringtoFIG. 2, system 64 includes SEN 65
installed near, in, or on each of several SSCs 70A-C, as
examples of the SSC 70 of FIG. 1. Each of the SSCs
70A-C may be an engine component, actuator or any
other machine part from which information and commu-
nication is performed for monitoring and/or control pur-
poses. In this example, each of the SSCs 70A-C includes
a path 62 of the SEN 65 that is the primary means of
communicating with one or multiple features of the par-
ticular SSC 70A-C or remotely located SSCs 74. The
remotely located SSCs 74 may contain a single or mul-
tiple electronic circuits or sensors configured to commu-
nicate over the SEN 65.

[0032] The RPU 66 sends and receives power and da-
ta to and from the SSCs 70A-C and may also provide a
communication link between different SSCs 70A-C. The
RPU 66 may be located on equipment near other system
components or located remotely as desired to meet ap-
plication requirements.

[0033] A transmission path (TP) 78 between the RPU
66 and SSCs 70A-C is used to send and receive data
routed through the RPU 66 from a control module or other
components. The TP 78 may utilize electrical wire, optic
fibre, waveguide or any other electromagnetic commu-
nication including radio frequency / microwave electro-
magnetic energy, visible or non-visible light. The inter-
face between the TP 78 and SSC 70A-C transmits power
and signals received through the TP 78 to one or multiple
SCIDs 68A in the example SSC 70A.
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[0034] The example SCIDs 68A, 68B may be radio-
frequency identification (RFID) devices that include
processing, memory and/or the ability to connect to con-
ventional sensors or effectors such as solenoids or elec-
tro-hydraulic servo valves. The SSC 70A may contain
radio frequency (R/F) antennas, magnetic devices or op-
tic paths designed to be powered and/or communicate
to from the TP 78 paths. The SSCs 70A-C may also use
shielded paths 72 that can be configured as any type of
electromagnetic communication, including, for instance,
a radio frequency, microwaves, magnetic or optic
waveguide transmission to the SCIDs 68B located within
the remotely located SSCs 74.

[0035] Shielding 84 within and around the SSC 70A is
provided such that electromagnetic energy or light inter-
ference 85 with electromagnetic signals 86 (shown sche-
matically as arrows) within the SSC 70A are mitigated.
Moreover, the shielding 84 provides that the signals 86
are less likely to propagate into the environment outside
the SSC 70A and enable unauthorized access to infor-
mation. Similarly, remotely located SSCs 74 can each
include respective shielding 76 to limit signal propagation
to shielded paths 72. In some embodiments, confined
electromagnetic radiation is in the range 1 - 100 GHz.
Electromagnetic radiation can be more tightly confined
around specific carrier frequencies, such as 3 -4.5 GHz,
24 GHz, 60 GHz, or 76 - 77 GHz as examples in the
microwave spectrum. A carrier frequency can transmit
electric power, as well as communicate information, to
multiple SCIDs 68A, 68B using various modulation and
signalling techniques.

[0036] RFID, electromagnetic or optical devices imple-
mented as the SCIDs 68A, 68B can provide information
indicative of a physical parameter, such as pressure,
temperature, speed, proximity, vibration, identification,
and/or other parameters used for identifying, monitoring
or controlling component operation. The SCIDs 68A, 68B
may also include control devices such as a solenoid,
switch or other physical actuation devices. Signals com-
municated over the TP 78 may employ techniques such
as checksums, hash algorithms, shielding and/or encryp-
tion to mitigate cyber security threats and interference.
[0037] The disclosed system 64 containing the SEN
65 (e.g., transmission path 78, path 62, and shielded
paths 72) provides a communication link between the
RPU 66 and multiple SSCs 70A-C, 74. The shielding 84,
76 can be provided along the transmission path 78 and
for each SSC 70A-C and 74 such that power and com-
munication signals are shielded from outside interfer-
ence, which may be caused by environmental electro-
magnetic or optic interference. Moreover, the shielding
84, 76 prevents intentional interference 85 with commu-
nication at each component. Intentional interference 85
may take the form of unauthorized data capture, data
insertion, general disruption and/or any other action that
degrades system communication. Environmental sourc-
es of interference 85 may originate from noise generated
from proximate electrical systems in other components
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or machinery along with electrostatic fields, and/or any
broadcast signals from transmitters or receivers. Addi-
tionally, pure environmental phenomena, such as cosmic
radio frequency radiation, lightning or other atmospheric
effects, could interfere with local electromagnetic com-
munications. Accordingly, the individualized shielding
84, 76 for each of the SSCs 70A-C and 74 prevent the
undesired interference with communication. The shield-
ing 84, 76 may be applied to enclosed or semi-enclosed
volumes that contain the SCIDs 68.

[0038] It should be appreciated that while the system
64 is explained by way of example with regard to a gas
turbine engine 20, other machines and machine designs
can be modified to incorporate built-in shielding for each
monitored or controlled components to enable the use
of a SEN. For example, the system 64 can be incorpo-
rated in a variety of harsh environment machines, such
as an elevator system, heating, ventilation, and air con-
ditioning (HVAC) systems, manufacturing and process-
ing equipment, a vehicle system, an environmental con-
trol system, and all the like. The disclosed system 64
includes the SEN 65 that enables consistent communi-
cation with electromagnetic devices, such as the exam-
ple SCIDs 68A, 68B, and removes variables encountered
with electromagnetic communications such as distance
between transmitters and receiving devices, physical ge-
ometry in the field of transmission, control over transmis-
sion media such as air or fluids, control over air or fluid
contamination through the use of filtering or isolation and
knowledge of temperature and pressure.

[0039] The system 64 provides for localized transmis-
sion to SCIDs 68A, 68B such that power requirements
are reduced. Localized transmission occurs within a
shielded volume of each SSC 70A-C, 74 that is designed
specifically to accommodate reliable electromagnetic
transmission for the application specific environment and
configuration. Shielding of localized components is pro-
vided such that electromagnetic signals are contained
within the shielding 84 for a specific instance of the SSC
70A-C. The system 64 therefore enables communication
with one or multiple SCIDs 68 simultaneously. The ex-
ample RPU 66 enables sending and receiving of power
and data between several different SSCs 70A-C and 74.
The RPU 66 may be located on the equipment near other
system components or located away from the machinery
for any number of reasons.

[0040] The system 64 provides for a reduction in cable
and interconnecting systems to reduce cost and increas-
es reliability by reducing the number of physical intercon-
nections. Reductions in cable and connecting systems
further provides for a reduction in weight while enabling
additional redundancy without significantly increasing
cost. Moreover, additional sensors can be added without
the need for additional wiring and connections that pro-
vide for increased system accuracy and response. Final-
ly, the embodiments enable a "plug-n-play" approach to
add a new SCID, potentially without a requalification of
the entire system but only the new component; thereby
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greatly reducing qualification costs and time.

[0041] The TP 78 between the RPU 66 and the SSCs
70A-C utilized to send and receive data from other com-
ponents may take multiple forms such as electrical wire,
optic fibre, radio frequency signals or energy within the
visible or non-visible light spectrum. The numerous op-
tions for a communication path of the TP 78 enable ad-
ditional design flexibility. The TP 78 transfers energy to
the SSC 70A-C such that one or multiple SCIDs 68A,
68B can be multiplexed over one TP 78 to the RPU 66.
[0042] SCIDs 68A, 68B can include RFID devices that
may or may not include processing, memory and/or the
ability to connect to conventional sensors. Radio frequen-
cy (R/F) antennas, magnetic devices or optic paths within
the SSCs 70A-C may be designed to communicate with
one or multiple SCIDs 68A, 68B. Moreover, R/F, micro-
wave, magnetic or optic waveguide transmission paths
72 can be utilized to communicate with individual elec-
tromagnetic devices remotely located from the SSC 70A-
C.

[0043] Shielding 84, 76 within and around the SSC
70A-C, 74 substantially prevents electromagnetic energy
or light interference with signals and also makes it less
likely that signals can propagate into the surrounding en-
vironment to prevent unauthorized access to information.
[0044] According to embodiments, electromagnetic
(EM) communication with the system 64 can be per-
formed through multi-material and functional / structural
components including, for instance, fuel, oil, engineered
dielectrics and enclosed free spaces. By forming
waveguides through existing machine components and
using electromagnetic communication for one or more of
the TP 78, path 62, and/or shielded paths 72, system
contaminants and waveguide size for given frequencies
can be reduced.

[0045] In embodiments, existing components of the
gas turbine engine 20 of FIG. 1 can be used to act as
waveguides filled with air, fluids or a specifically imple-
mented dielectric to transmit EM energy for writing and
reading to/from EM devices in a Faraday cage protected
environment. Use of existing structure can allow
waveguide channels to be built in at the time of manu-
facture by machining passages or additively manufactur-
ing waveguide channels as communication paths. For
example, communication paths can be builtinto the struc-
ture of SSCs 70A-C and 74 to guide EM energy through
each component. The SSCs 70A-C and 74 may contain
gas such as air at atmospheric pressure or any other
level, orliquids such as oil or fuel. Inany part of the system
64, a dielectric may be employed to resist contamination
or to reduce requirements for waveguide dimensions.
[0046] Various machine components may also be
used for transmission if the proper waveguide geometry
is designed into the component, which can also provide
functional and structural aspects of the machine. Exam-
ples, such as machine housings, fluid (including air) fill
tubes, hydraulic lines, support frames and members, in-
ternal machine parts and moving parts that can be cou-
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pled to or shaped into waveguide geometry may also be
incorporated in embodiments. As one example, FIGS. 2
and 3 depict a plurality of compressor vane segments
104 of the compressor section 24 of FIG. 1 that incorpo-
rate one or more communication path 102 integrally
formed in a component of the gas turbine engine 20 of
FIG. 1. Each communication path 102 can route a portion
of electromagnetic signals communicated from the TP
78 to one or more of the SCIDs 68 of FIG. 3. Each com-
munication path 102 also provides a potentially alternate
route in which the electromagnetic signal can be chan-
nelled in the event of a line or linkage failure, thereby
building in inherent redundancy and system level robust-
ness.

[0047] In the example of FIG. 3, a compressor vane
segment 104 includes an arcuate outer vane platform
segment 106 and an arcuate inner vane platform seg-
ment 108 radially spaced apart from each other. The ar-
cuate outer vane platform segment 106 may form an out-
er portion and the arcuate inner vane platform segment
108 may form an inner portion to at least partially define
an annular compressor vane flow path.

[0048] Communication path 102 in a vane 112 can be
formed during a manufacturing process to directly carry
electromagnetic signalling of the TP 78 through a com-
ponent of the gas turbine engine 20 of FIG. 1 directly to
a SCID 68 depicted in FIG. 3. Communication path 102
can also terminate with SCIDs 68 to read pressures, tem-
peratures or other parameters at the end of the TP 78 or
72. Waveguide usage can enable very low transmission
losses such that the RPU 66 of FIG. 2 can be physically
located much further away from the SCIDs 68A, 68B of
FIG. 2 than conventional free space transmitting devices.
Use of a dielectric in the waveguides can reduce the di-
mensional requirements for the waveguides and resist
contaminants, such as moisture, particles, gases, corro-
sion, and/or liquids that may increase transmission loss-
es. Embodiments can use fluids in existing systems to
act as a dielectric, particularly fluids with a dielectric con-
stant that approaches or is better than free space. Thus,
existing fuel or oil lines of the gas turbine engine 20 of
FIG. 1 may be used as waveguides if they have appro-
priate dielectric properties.

[0049] Further embodiments include allowing transi-
tion of EM energy from a waveguide into a free space
environment. Some of the SSCs 70A-C, 74 of FIG. 2
have multiple SCIDs 68A, 68B that reside in a protected
Faraday cage (e.g., a shielded volume within shielding
84, 76) filled with air or other fluids. Transitioning energy
from a waveguide to and from an open cavity is required
to prevent unwanted signal loss. Embodiments transition
EM energy from TP 78 into a free space environment
containing either air or a fluid within shielding 84 of SSC
70A of FIG. 2 using an example waveguide 200 of FIG.
4. The waveguide 200 may be an embodiment of the TP
78 or the shielded path 72 of FIG. 2. In some embodi-
ments, EM energy transitions through multiple interfaces
having different environmental characteristics, such as

10

15

20

25

30

35

40

45

50

55

waveguide 250 of FIG. 5 as a further example of the
shielded path 72 of FIG. 2. Waveguides 200, 250 can
connect multiple SCIDs 68 and may pass through exist-
ing components, forinstance, in communication path 102
of FIG. 3, to facilitate transmission of EM power and sig-
nalling between devices. The waveguides 200, 250 may
incorporate "T"s, "Y"s, splitters or other branching types
to facilitate a network topology.

[0050] EM energy may be confined to a waveguide, or
alternatively can be transmitted through a combination
of waveguide and free space communications in a shield-
ed environment, e.g., within shielding 84, 76 of FIG. 2,
to meet system requirements for signal attenuation and
disturbances. Waveguide 200 of FIG. 4 can include a
waveguide transmitter interface 202 that enables elec-
tromagnetic signal transmission within a waveguide me-
dium or electromagnetic window 204 in a guidance struc-
ture 206 to a waveguide transition interface 208. The
waveguide transmitter interface 202 may be an EM en-
ergy emitter, and the waveguide transition interface 208
may be operable to pass the EM energy through shaping,
an antenna structure, or an active structure to a confined
free space within shielding 84, 76 of FIG. 2. The
waveguide medium 204 can be a gas or liquid, such as
air, oil, fuel, solid dielectric, or the like. In some embod-
iments, the waveguide medium 204 is a dielectric. The
guidance structure 206 can be a metal tube and may be
integrally formed on/within a component of the gas tur-
bine engine 20 of FIG. 1, such as communication path
102 of FIG. 3. In other embodiments, the guidance struc-
ture 206 is an outer edge of a dielectric and need not
include ametallic structure. Although depicted as asingle
straight path, it will be understood that the waveguide
200 can bend and branch to reach multiple SCIDs 68A,
68B of FIG. 2. In other embodiments, the waveguide 200
may take the form of a planar stripline, or trace on a print-
ed circuit board.

[0051] Transitioning EM energy from a waveguide to
and from cavities using TP 78 and/or shielded paths 72
can present a challenge when SCIDs 68A, 68B of FIG.
2 are located in higher temperature or pressure environ-
ments, especially in environments containing fuel, oil,
flammable liquids or the associate vapours. With further
reference to FIG. 5, the waveguide 250 enables transi-
tioning of EM energy from a first environment 251 into a
second environment 253 with a higher temperature
and/or higher pressure capable barrier against fluids or
gasses. Waveguide 250 of FIG. 5 can include a
waveguide transmitter interface 252 that enables elec-
tromagnetic signal transmission within a guidance struc-
ture 256 to a waveguide transition interface 258. The
waveguide transmitter interface 252 may be an EM en-
ergy emitter in the first environment 251. The waveguide
transition interface 258 may be operable to pass the EM
energy through shaping, an antenna structure, or an ac-
tive structure from a first portion 260 of the waveguide
250 to a second portion 262 of the waveguide 250. The
first portion 260 of the waveguide 250 may have a first



13 EP 3 291 571 A1 14

waveguide medium 254 that is different from a second
waveguide medium 264 of the second portion 262. A
transition window 266 can be incorporated in the
waveguide transition interface 258 as a dielectric or thin
metal EM window operable to pass a frequency range of
interest between the first portion 260 and the second por-
tion 262 of the waveguide 250. The second portion 262
of the waveguide 250 can also include a secondary
waveguide transition interface 268 in the second envi-
ronment 253. The secondary waveguide transition inter-
face 268 can act as a seal to prevent higher temperatures
and/or pressures of the second environment 253 from
directly contacting the first portion 260 of the waveguide
250. The first waveguide medium 254 and the second
waveguide medium 264 can be different gasses or lig-
uids, such as air, oil, fuel, or the like and may have dif-
ferent nominal pressures and/or temperatures. In some
embodiments, the first waveguide medium 254 and/or
the second waveguide medium 264 is a dielectric. The
guidance structure 256 can be a metal tube and may be
integrally formed on/within a component of the gas tur-
bine engine 20 of FIG. 1, such as communication path
102 of FIG. 3. The guidance structure may also contain
more than one waveguide transition interface 258 with a
corresponding transition window 266 for redundancy pur-
poses. Although depicted as a single straight path, it will
be understood that the waveguide 250 can bend, T, and
branch to reach multiple SCIDs 68A, 68B of FIG. 2.
[0052] The transition interface 258, the transition win-
dow 266 or both, the secondary transition interface 268,
or a combination thereof, can comprise a material trans-
parent to the EM energy employed in the system. As
used in the following paragraphs, "transition interface"
refers to one or both transition interface 258 and second-
ary transition interface 268. "Transparent to the EM en-
ergy" is defined as allowing the passage of sufficient en-
ergy for reliable communication at a given thickness.
When the EM energy is a radio frequency the ability of
the radio frequency to propagate through a material is
dependent on the material’'s skin depth, 3, defined as
8=(pe/nfu)1/2, where p is the material resistivity, ¢ is the
dielectric permittivity, f is the radio frequency, and w is
the magnetic permeability of the material. While this con-
cept is being explained in the context of radio frequency
it is understood that a similar concept applies to EM en-
ergy in general and radio frequency is just one example.
In order for a radio frequency to pass through a material
the thickness of the material it is desirable that the ma-
terial thickness to be less than the skin depth, though the
actual thickness would be application specific. Accord-
ingly, it is desirable for the skin depth, 8, of a material to
be large enough to accommodate fabrication of the tran-
sition interface and/or transition window.

[0053] In some embodiments, the EM energy has a
frequency in the range 1 - 100 GHz. The EM energy can
be more tightly confined around specific carrier frequen-
cies, such as 3 - 4.5 GHz, 24 GHz, 60 GHz, or 76 - 77
GHz as examples in the microwave spectrum.
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[0054] Other considerations for the fabrication of the
transition interface and/or transition window include
structural integrity at the thickness required for electro-
magnetic frequency transparency, the physical charac-
teristics of the EM guidance structure materials, the phys-
ical characteristics of the waveguide medium, and the
physical characteristics of the transition interface and/or
transition window material(s). For example, if the skin
depth dictates that a given material have thickness for
frequency transparency, then the material must have a
sufficient strength at that thickness to operate in the de-
sired environment, particularly enough strength to with-
stand the environmental pressure and stresses, cycling
fatigue, or not be ruptured through corrosive actions. Fur-
thermore, it is desirable for the coefficient of thermal ex-
pansion of the material used in the transition interface
and/or transition window to closely match the coefficient
of thermal expansion of the guidance structure material.
[0055] The transition interface and/or transition win-
dow may comprise a dielectric or a metal ceramic com-
posite comprising a dielectric. Exemplary dielectrics in-
clude ferrites, aluminium oxide, silicon nitride, silicon car-
bide, silicon oxide, titanium oxide, aluminium nitride, bo-
ron nitride, and combinations comprising at least one of
the foregoing. The addition of a dielectric to a metal can
increase the resistivity of the composite by orders of mag-
nitude compared to the metal alone, thus increasing the
skin depth. In some embodiments the metal ceramic
composite has dielectric content in an amount of 1% to
70%, or 1 to 25% by volume; although pure dielectric can
often be used when allowed by the application. The metal
and the dielectric may be chosen so that the resulting
material has physical properties similar to those of the
material to which is it connected. For example, in transi-
tion interface 258 or the transition window 266 the metal
and/or dielectric may be chosen so that the material used
in the transition interface or the transition window has
physical properties sufficiently similar to those of the
guidance structure to allow reliable operation under the
environmental stresses experienced by the guidance
structure and transition interface and/or transition win-
dow.

[0056] The metal ceramic composite can be made by
cold spray, laser engineered net shaping, direct material
laser sintering, wire arc deposition, plasma spray, ball
milling, or a combination of the foregoing. The compo-
nents of the metal ceramic composite are mixed as pow-
ders and then deposited as a homogenous or near ho-
mogenous material.

[0057] In some embodiments the metal ceramic com-
posite comprises a metal component such as but not
limited to: INI718, stainless steel, aluminium and its al-
loys, nickel based alloys, copper and its alloys, and tita-
nium and its alloys. The dielectric component of the com-
posite may be any high resistivity material, including but
not limited to: aluminium oxide, silicon nitride, silicon car-
bide, silicon oxide, ferrites, aluminium nitride, boron ni-
tride, various metal carbides and nitrides as well as and
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combinations comprising at least one of the foregoing.
[0058] The metal ceramic composite can have a skin
depth greater than 10x that in pure metal materials
[0059] The metal ceramic composite is also useful as
a protective coating on SCIDs. Typically such a coating
would have a thickness of 1 millimetre (mm) to 2 centi-
metres (cm), or 5 mm to 1 cm. The ability to apply the
material by cold spray techniques allows the application
of the coating without interference or damage to the
SCID.

[0060] When the transition interface and/or transition
window comprises a dielectric instead of a metal ceramic
composite the dielectric may be may be any high resis-
tivity material, including but not limited to: alumina, silicon
nitride, silicon carbide, ferrites, titania, and mixtures, alu-
minium nitride, boron nitride or compounds of these.
[0061] While the present disclosure has been de-
scribed in detail in connection with only a limited number
of embodiments, it should be readily understood that the
present disclosure is not limited to such disclosed em-
bodiments. Rather, the present disclosure can be mod-
ified to incorporate any number of variations, alterations,
substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit
and scope of the present disclosure. Additionally, while
various embodiments of the present disclosure have
been described, itis to be understood that aspects of the
present disclosure may include only some of the de-
scribed embodiments. Accordingly, the present disclo-
sure is not to be seen as limited by the foregoing descrip-
tion, but is only limited by the scope of the appended
claims.

Claims
1. A system of a machine, the system comprising:

a network of a plurality of sensing/control/iden-
tification devices distributed throughout the ma-
chine, each of the sensing/control/identification
devices associated with atleast one sub-system
component of the machine and operable to com-
municate through a plurality of electromagnetic
signals;

shielding surrounding at least one of the sens-
ing/control/identification devices to contain the
electromagnetic signals proximate to the atleast
one sub-system component;

a communication path integrally formed in a
component of the machine to route a portion of
the electromagnetic signals through the compo-
nent, wherein the communication path compris-
es a material transparent to the electromagnetic
signals; and

a remote processing unit operable to communi-
cate with the network of the sensing/con-
trol/identification devices through the electro-
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magnetic signals.

2. The system as recited in claim 1, wherein the mate-
rial transparent to the electromagnetic signals is
transparent to signals having a frequency of 1 to 100
GHz.

3. The system as recited in claim 1 or claim 2, wherein
the material transparent to the electromagnetic sig-
nals is a metal ceramic composite comprising a di-
electric.

4. The system as recited in claim 3, wherein the die-
lectric comprises aluminium oxide, silicon nitride, sil-
icon carbide, silicon oxide, ferrites, titanium oxide,
and combinations comprising at least one of the fore-

going.

5. The system as recited in claim 3 or claim 4, wherein
the metal ceramic composite has dielectric content
in an amount of 1% to 70% by volume and the metal
ceramic composite is formed by cold spray, laser
engineered net shaping, direct material laser sinter-
ing, wire arc deposition, plasma spray, ball milling,
or a combination of the foregoing.

6. The systemas recited in any of claims 3to 5, wherein
the metal ceramic composite comprises INI718,
stainless steel, aluminium and its alloys, nickel
based alloys, copper and its alloys, and titanium and
its alloys.

7. The system as recited in claim 1 or claim 2, wherein
the material transparent to the electromagnetic sig-
nals is a dielectric.

8. The system as recited in claim 7, wherein the die-
lectric comprises ferrites, aluminium oxide, silicon
nitride, silicon carbide, silicon oxide, titanium oxide,
aluminium nitride, boron nitride, and combinations
comprising at least one of the foregoing.

9. Asystemas claimedin any preceding claim, wherein
the machine is a gas turbine engine.

10. A method of electromagnetic communication
through a machine, the method comprising:

transmitting a communication signal between a
remote processing unit and a network of a plu-
rality of control/sensing/identification devices in
the machine using a plurality of electromagnetic
signals wherein the plurality of electromagnetic
signals travel through a communication path
and the communication path comprises a mate-
rial transparent to the electromagnetic signals.

11. The method as recited in claim 10, wherein the ma-
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terial transparent to the electromagnetic signals is
transparent to signals having a frequency of 1 to 100
GHz.

The method as recited in claim 10 or claim 11, where-
in the material transparent to the electromagnetic
signals is a dielectric or a metal ceramic composite
comprising a dielectric.

The method as recited in any of claims 10 to 12,
wherein the material transparent to the electromag-
netic signals is a metal ceramic composite compris-
ing a dielectric formed by cold spray, laser engi-
neered net shaping, direct material laser sintering,
wire arc deposition, plasma spray, ball milling, or a
combination of the foregoing.
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